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(57) ABSTRACT 

A system for monitoring a Subsea well is presented. The 
system includes the subsea well, where the subsea well 
includes a production tube, an annulus A co-axial to the 
production tube and positioned exterior to the production 
tube, an annulus B co-axial to the annulus A and positioned 
exterior to the annulus A, and a casing wall disposed between 
the annulus A and annulus B. Furthermore, the system 
includes a first sensor disposed on or about the production 
tube, the annulus A, the casing wall, or combinations thereof 
and configured to measure a first parameter. The system also 
includes a controller coupled to the Subsea well and config 
ured to analyze the first parameter measured by the first 
sensor and detect an anomaly in one or more components of 
the subsea well. Methods and non-transitory computer read 
able medium configured to perform the method for monitor 
ing a Subsea well are also presented. 
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1. 

SYSTEMAND METHOD FORMONITORING 
A SUBSEAWELL 

BACKGROUND 

The invention relates generally to monitoring of compo 
nents of a Subsea well and more specifically to monitoring of 
pressure/stress in annulus A and annulus B in the Subsea well. 

In hydrocarbon production, risers, wellheads, and Christ 
mas trees are used as physical interfaces to aid in the flow of 
hydrocarbons from an oil well to an oil producing asset. To 
ensure effective collection of hydrocarbons, it is desirable to 
actively monitor the integrity of a subsea well. The integrity 
of the Subsea well may be compromised due to leakages in 
production tube, casings or cement work of a well or a well 
head structure, thereby causing pressure to build up in the 
annulus such as annulus A and annulus B of the Subsea well. 
In certain cases, the tubing of the Subsea well may collapse if 
the pressure difference between different annuli exceeds a 
threshold value. Therefore, measuring pressure in the annuli 
and/or the stress in the casing of the Subsea wells is crucial for 
detecting any compromise in the integrity of Subsea wells. 

Conventionally, pressure sensing in the annulus A of a 
Subsea wellhead is accomplished using traditional pressure 
sensors. Also, in Subsea applications, regulations prohibit any 
drilling/wiring through a casing wall between the annulus A 
and B. Accordingly, due to the lack of direct access to the 
annulus B, measurement of the pressure in the annulus B may 
be accomplished by disposing a pressure sensor in the annu 
lus B. In addition, disposing the sensor in the annulus B 
entails providing a communication link and a power supply to 
the sensor without penetrating the annulus B, in order to avoid 
a potential leak path in the annulus B. Moreover, these pres 
Sure sensors may experience failures due to aging, dirt, mois 
ture, changes in the composition of the ambient fluid, and the 
like. Replacement of the defective sensors is a challenging 
task. 

BRIEF DESCRIPTION 

In accordance with aspects of the present disclosure, a 
system for monitoring a Subsea well is presented. The system 
includes the Subsea well including a production tube, an 
annulus A co-axial to the production tube and positioned 
exterior to the production tube, an annulus B co-axial to the 
annulus A and positioned exterior to the annulus A, and a 
casing wall disposed between the annulus A and the annulus 
B. Furthermore, the system includes a first sensor disposed on 
or about the production tube, the annulus A, the casing wall, 
or combinations thereof and configured to measure a first 
parameter. Also, the system includes a controller operatively 
coupled to the subsea well and configured to analyze the first 
parameter measured by the first sensor and detect an anomaly 
in one or more components of the Subsea well. 

In accordance with another aspect of the present disclo 
Sure, a method for monitoring a Subsea well is presented. The 
method includes disposing a first sensor on or about one or 
more of a production tube, an annulus A, and a casing wall of 
the subsea well, where the first sensor is configured to mea 
Sure a first parameter. Furthermore, the method includes ana 
lyzing the measured first parameter using a controller. In 
addition, the method includes identifying an anomaly in one 
or more components of the Subsea well based on analysis of 
the first parameter. Also, a non-transitory computer readable 
medium configured to perform the method for monitoring a 
subsea well is presented. 
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2 
DRAWINGS 

These and other features, aspects, and advantages of the 
present disclosure will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

FIG. 1 is a diagrammatical representation of an exemplary 
system for Subsea well monitoring, in accordance with 
aspects of the present disclosure; 

FIGS. 2-4 are diagrammatical representations of an exem 
plary embodiment of a portion of the system for subsea well 
monitoring of FIG. 1, according to aspects of the present 
disclosure; 

FIG.5 is a diagrammatical representation of another exem 
plary embodiment of a portion of the system for subsea well 
monitoring of FIG. 1, according to aspects of the present 
disclosure; 

FIG. 6 is a diagrammatical representation of yet another 
exemplary embodiment of a portion of the system for Subsea 
well monitoring of FIG. 1, according to aspects of the present 
disclosure; 

FIGS. 7-9 are diagrammatical representations of exem 
plary magnetization of a casing wall of the Subsea well, 
according to aspects of the present disclosure; 

FIGS. 10-11 are diagrammatical representations of an 
exemplary locking mechanism for coupling a sensor to the 
subsea well of FIGS. 1-6, according to aspects of the present 
disclosure; 

FIGS. 12-14 are diagrammatical representations of another 
exemplary embodiment of a locking mechanism for coupling 
a sensor to the subsea well of FIGS. 1-6, according to aspects 
of the present disclosure; 

FIGS. 15-16 are diagrammatical representations of another 
exemplary embodiment of a portion of the system for Subsea 
well monitoring of FIG. 1, according to aspects of the present 
disclosure; 

FIG. 17 is a diagrammatical representation of an exem 
plary embodiment of a system for monitoring a Subsea well 
including a sensor inside an annulus B, according to aspects 
of the present disclosure; 

FIG. 18 is a diagrammatical representation of exemplary 
optical fiber based sensing of the subsea well for use in the 
system of FIG. 9, according to aspects of the present disclo 
Sure; and 

FIG. 19 is a flow chart of a method for monitoring a subsea 
well, according to aspects of the present disclosure. 

DETAILED DESCRIPTION 

Unless defined otherwise, technical and scientific terms 
used herein have the same meaning as is commonly under 
stood by one of ordinary skill in the art to which this disclo 
sure belongs. The terms “first”, “second, and the like, as used 
herein do not denote any order, quantity, or importance, but 
rather are used to distinguish one element from another. Also, 
the terms “a” and “an do not denote a limitation of quantity, 
but rather denote the presence of at least one of the referenced 
items. The term 'or' is meant to be inclusive and mean one, 
some, or all of the listed items. The use of “including.” “com 
prising or “having and variations thereof herein are meant 
to encompass the items listed thereafter and equivalents 
thereof as well as additional items. The terms “connected 
and “coupled are not restricted to physical or mechanical 
connections or couplings, and can include electrical connec 
tions or couplings, whether direct or indirect. Furthermore, 
the terms “circuit' and “circuitry’ and “controller” may 
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include either a single component or a plurality of compo 
nents, which are either active and/or passive and are con 
nected or otherwise coupled together to provide the described 
function. 
As will be described in detail hereinafter, various embodi 

ments of an exemplary system and method for monitoring a 
subsea well are presented. Furthermore, since the exemplary 
systems and method utilize a magnetostrictive technique, the 
sensing is robust againstaging, dirt, moisture, changes in the 
composition of the ambient fluid, and the like. 

Turning now to the drawings, by way of example in FIG. 1, 
an exemplary embodiment of a system 100 for monitoring a 
Subsea well, in accordance with aspects of the present disclo 
sure, is depicted. In one embodiment, the system 100 for 
monitoring the Subsea well may include a power Supply 102. 
a subsea well 104, and a first sensor 106. The system 100 may 
also include a communication unit 108 and a controller 110. 
The power supply 102 may include a battery, a direct current 
Source, an alternating current Source, and the like. Further 
more, the power supply 102 may be operatively coupled to the 
first sensor 106 and may be configured to energize the first 
sensor 106. In one non-limiting example, the controller 110 
may be a subsea control module (SCM). Although the 
embodiment of FIG. 1 depicts the communication unit 108 
and the controller 110 as separate units, in certain other 
embodiments, the controller 110 may include the communi 
cation unit 108. 

Furthermore, in one embodiment, the subsea well 104 may 
include a subsea wellhead 114 and a Christmas tree 116 
operatively coupled to each other. Furthermore, a riser may be 
coupled to the subsea well 104. A combination of the riser and 
the subsea well 104 may be referred to as a production facility. 
Also, the subsea well 104 may include a production tube, an 
annulus A, an annulus B, and a casing wall between the 
annulus A and the annulus B (see FIGS. 3 and 4). In one 
example, this casing wall may be made of a high strength steel 
alloy. Also, the annulus A may be co-axial to the production 
tube and positioned exterior to the production tube. Further, 
the annulus B may be co-axial to the annulus A and positioned 
exterior to the annulus A. The riser may be coupled to the 
subsea wellhead 114 via the Christmas tree 116. In addition, 
the riser may also be coupled to the subsea wellhead 114 via 
Subsea flow lines, Subsea jumpers, and Subsea manifolds. 

Moreover, in one embodiment, the first sensor 106 may be 
disposed on or about the production tube, the annulus A, the 
casing wall, and the like. In addition, the communication unit 
108 may be operatively coupled to the first sensor 106. The 
communication unit 108 may be configured to transmit or 
receive a first parameter measured by the first sensor 106. In 
one non-limiting example, the communication unit 108 may 
be disposed at a remote location. In another example, the 
communication unit 108 may be placed on or about the pro 
duction tube, the annulus A, the casing wall, and the like. 
Also, the communication unit 108 may include electronic 
circuitry Such as a transmitter, a receiver, and the like. In one 
example, the transmitter of the communication unit 108 may 
be disposed on or about the production tube, the annulus A, 
and the casing wall and the receiver of the communication 
unit 108 may be disposed at a remote location. Furthermore, 
the power supply 102 and the communication unit 108 may be 
operatively coupled to the first sensor 106 using a wired 
connection, a wireless connection, and the like. It may be 
noted that in certain embodiments, the power supply 102 may 
be an integral part of the subsea well 104. 

Also, the controller 110 may be operatively coupled to the 
communication unit 108. The first parametermeasured by the 
first sensor 106 may be communicated from the first sensor 
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4 
106 to the controller 110 by the communication unit 108. The 
term first parameter, as used herein, may include pressure, 
compression stress, hoop stress, residual stress, longitudinal 
stress, tensional stress, bending stress, torque induced stress, 
and the equivalents thereof. In one embodiment, the control 
ler 110 may include a processing unit 112. The processing 
unit 112 may be configured to analyze the first parameter 
measured by the first sensor 106. Furthermore, the processing 
unit 112 may be configured to identify a fault in one or more 
components of the subsea well 104 based on analysis of the 
first parameter. Also, the fault in one or more components of 
Subsea well 104 may include fault in a casing wall, cement 
employed in the subsea well 104, the production tube, the 
subsea wellhead 114, a tubing hanger, or other subsea well 
structures. In addition, based on the identification of fault, the 
controller 110 may be configured to regulate the pressure in 
the annulus A, the production tube, and/or other components 
of the subsea well 104. 

Moreover, the first sensor 106 may include a fixed sensor, 
a wire-line tool, or a combination thereof. In one example, the 
fixed sensor may include a magnetic field sensor, a magneto 
strictive sensor, a Villari effect sensor, an inductive coil, an 
acoustic transducer, an optical fiber, or combinations thereof. 
In one non-limiting example, two first sensors 106 may be 
disposed on or about the production tube, the annulus A, and 
the casing wall. The two first sensors 106 may be disposed in 
two different directions. Accordingly, the two first sensors 
106 may be configured to measure stress in a first direction 
and a second direction. In particular, a biaxial stress may be 
measured using the two first sensors. Also, in one example, 
the first direction may be along the axis of the production 
tube, the annulus A, and the casing wall. The second direction 
may be along the circumference of the production tube, the 
annulus A, and the casing wall. The stress in the first direction 
may be an axial stress and the stress in the second direction 
may be a hoop stress. In another example, a single first sensor 
may be configured to measure stress in both the first direction 
and the second direction. Furthermore, the wire-line tool may 
be a sensor coupled to a wire-line cable, which may be intro 
duced into the production tube or the annulus A through a 
service access of the production tube or the annulus A. 

In one embodiment, the wire-line tool may be in a com 
pressed form or a closed condition when it is introduced into 
the production tube or the annulus A through the service 
access. Once the wire-line tool is introduced into the produc 
tion tube or the annulus A, the wire-line tool may be config 
ured to open up for enabling the inspection. For example, the 
wire-line tool may be introduced into the production tube for 
inspecting the production tube. In another embodiment, the 
wire-line tool may be miniaturized to aid entry of the wire 
line tool through the service access into the annulus A. More 
over, in one embodiment, the sensor coupled to the wire-line 
cable may include a magnetostrictive sensor, a Villari effect 
sensor, a magnetic field sensor, an inductive coil, an acoustic 
transducer, an optical fiber sensor, and the like. In yet another 
embodiment, the sensor attached to the wire-line cable may 
include a temperature sensor, a humidity sensor, a chemical 
sensor, and the like. Additionally, the wire-line cable may 
include a power line and a communication line operatively 
coupled to the sensor. Furthermore, the power line and/or the 
communication line of the wire-line cable may be operatively 
coupled to the power Supply 102 and the communication unit 
108. The term operatively coupled, as used herein, may 
include wired coupling, wireless coupling, electrical cou 
pling, magnetic coupling, radio communication, Software 
based communication, or combinations thereof. 
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Referring now to FIGS. 2-4, diagrammatical representa 
tions of an exemplary embodiment of a portion of an exem 
plary system for Subsea well monitoring, Such as the system 
100 of FIG. 1, are depicted. In particular, FIG. 2 is a diagram 
matical representation 200 of a subsea well, such as the sub 
sea well 104 of FIG. 1. The subsea well 200 may include a 
subsea wellhead 202 and a Christmas tree 204. 

FIG.3 is a diagrammatical representation 207 of the subsea 
well 200 of FIG. 2. Particularly, FIG. 3 depicts an arrange 
ment of a first sensor in the subsea well 200. Also, FIG. 4 is a 
diagrammatical representation of a cross sectional view 222 
of the Subsea well 200. 

In the example depicted in FIG.3, the subsea well 207 may 
include a production tube 208, an annulus. A 210, a casing 
wall 212, and an annulus B 214. The casing wall 212 may be 
disposed between the annulus A 210 and the annulus B 214. 
Additionally, the annulus B 214 may be coaxial to the annulus 
A 210 and may be placed exterior to the annulus A 210. In 
accordance with aspects of the present disclosure, a first 
sensor 216 such as the first sensor 106 of FIG. 1 may be 
disposed on or about the annulus A 210, the casing wall 212, 
or both the annulus A 210 and the casing wall 212. In the 
example of FIG. 3, the first sensor may include a fixed sensor 
216. In another example, the first sensor may be a wire-line 
tool. Moreover, in the example of FIG. 3, the wire-line tool 
may be introduced into the production tube 208 from a service 
access. In a similar manner, in another example, the wire-line 
tool may be introduced into the annulus A 210 through a 
corresponding service access. The wire-line tool may include 
a sensor 218 operatively coupled to a wire-line cable 220. 
Furthermore, in one example, the annulus A may include both 
the fixed sensor 216 and wire-line tool with sensor 218 may 
be disposed on or about the annulus A 210. 

FIG. 4 represents a cross-sectional view of the subsea well 
along line 4-4 of FIG.3. In particular, FIG. 4 depicts examples 
of placement of the first sensor 216 along the casing wall 212 
and inside the annulus A 210. The first sensor 216 may be 
disposed inside annulus A210 and/or on the casing wall 212. 
In the example of FIG. 4, the casing wall 212 is depicted as 
including four fixed sensors 216 disposed circumferentially 
on the casing wall 212. Any variation in pressure inside the 
annulus A 210 and the annulus B 214 may be transferred to 
the casing wall 212. It may be noted that stress is a linear 
function of pressure. Accordingly, any variation in the pres 
sure in the annulus A 210 and/or the annulus B may result in 
variation in stress on the casing wall 212. This stress may be 
captured by the first sensor 216 disposed on the casing wall 
212. Also, the stress experienced by the casing wall 212 may 
also include residual stress, applied stress, bending stress, 
torsional stress, and stress due to stretching and compression 
of casing wall 212. In addition, other parameters like proper 
ties of the casing wall 212. Such as, but not limited to, thick 
ness, internal diameter, Young's modulus, and Poisson’s ratio 
of the casing wall 212 may be used in the calculation of stress. 

Turning now to FIG. 5, a diagrammatical representation 
300 of another exemplary embodiment of a portion of the 
exemplary system for Subsea well monitoring, according to 
aspects of the present disclosure, is presented. Particularly, 
FIG.5 depicts use of a first sensor, such as an inductive coil in 
an annulus A of the subsea well such as the subsea well 104 of 
FIG.1. The system 300 includes an annulus A302, an annulus 
B 304, a casing wall 306 between the annulus A302 and the 
annulus B 304, an outer housing 308 of the annulus B 304, 
and a production tube 316. In one embodiment, plurality of 
inductive coils 310 may be disposed in the annulus A302. 
These inductive coils 310 may also be coupled to the casing 
wall 306. In certain other embodiments, the inductive coils 
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6 
310 may be magnetically coupled to the annulus A302 and/or 
the casing wall 306. Also, the inductive coils 310 may be in 
the form of a fixed sensor. 

Under normal operating conditions, the pressure may vary 
in the annulus A302 and/or the annulus B 304. It may be 
noted that any fault in one or more components of the Subsea 
well may result in variation of pressure in the annulus A302 
and/or the annulus B304. These variations in the pressure in 
the annulus A302 and annulus B 304 may be manifested in 
the form of stress on the casing wall 306. The stress experi 
ence by the casing wall 306 may result in changes in the 
magnetostrictive property of the casing wall 306. This stress 
experienced by the casing wall 306 may be detected by the 
inductive coils 310. 

Moreover, the inductive coils 310 may be operatively 
coupled to a communication unit 312 Such as the communi 
cation unit 108 of FIG. 1. In the example of FIG. 5, the 
communication unit 312 is disposed inside the annulus A302. 
Any measurements may be communicated from the inductive 
coils 310 to the communication unit 312. Furthermore, a 
communication line 314 may be operatively coupled to the 
communication unit 312, where the communication line 314 
may be configured to transfer any measurements made by the 
inductive coils 310 to a controller, such as the controller 110 
of FIG. 1. By way of example, the communication line 314 
may be configured to transfer a first parameter Such as stress 
measured by the inductive coils 310 to the controller. The first 
parameter may be analyzed in a processing unit of the con 
troller to identify any faults in one or more components of the 
subsea well. As noted hereinabove, the fault in one or more 
components of the Subsea well may include a fault in the 
casing wall, cement employed in the subsea well, the produc 
tion tube, a Subsea wellhead, the tubing hanger, or other 
subsea well structures. 

Referring to FIG. 6, a diagrammatical representation 400 
of yet another exemplary embodiment of a portion of the 
exemplary system for subsea well monitoring 100 (see FIG. 
1), according to aspects of the present disclosure, is depicted. 
The system of FIG. 6 may include an annulus A 402, an 
annulus B 404, a casing wall 406 between the annulus A and 
the annulus B, an outer housing 408 of annulus B, and a 
production tube 418. In accordance with the aspects of the 
present disclosure, the casing wall 406, the production tube 
418, and the like may include one or more segments with 
sensing capability. In one example, the segments with sensing 
capability may include one or more magnetically encoded 
regions. In another example, on application of acoustic sig 
nals on the casing wall 406, the segments with sensing capa 
bility may beformed on the casing wall 406. Accordingly, the 
casing wall 406 may be used as a sensor. In a similar fashion, 
the segments with sensing capability may be formed using 
other techniques. 

In the example of FIG. 6, the casing wall 406 may include 
one or more magnetically encoded regions 410. These mag 
netically encoded regions 410 may be created using a deter 
mined value of electrical current, a determined value of mag 
netic field, or both the determined values of electrical current 
and magnetic field. In one embodiment, the magnetically 
encoded regions 410 may be formed on the casing wall 406 
before installation and commissioning of the subsea well. If 
the annulus A 402 and the annulus B 404 are subject to 
variations in pressure due to any faults in the Subsea well, the 
casing wall 406 may experience stress. The stress caused in 
the casing wall 406 may cause the magnetostrictive property 
of the casing wall 406 to change. This change in the magne 
tostrictive property of the casing wall 406 in turn may result in 
changes in the magnetic field associated with the magneti 
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cally encoded regions 410 of the casing wall 406. Accord 
ingly, the changes in the magnetic field may be measured 
using a magnetic field sensor 412. It may be noted that the 
casing wall with the magnetically encoded region 410 may 
also be used as a sensor, in one example. 

Moreover, in one embodiment, the magnetic field sensor 
412 may be coupled to the casing wall 406. In one example, 
the casing wall 406 may be formed using a metal. Accord 
ingly, in this example, the magnetic field sensor 412 may be 
coupled to the metal surface of the casing wall 406. In one 
another example, magnetic field sensor 412 may be coupled 
in close proximity to the metal surface of the casing wall 406. 
The magnetic field sensor 412 may be configured to commu 
nicate any measurements to a communication unit 414. More 
over, a communication line 416 may be used to transmit the 
measurements from the communication unit 414 to a control 
ler, such as the controller 110 of FIG. 1, for processing. In 
particular, the controller may be configured to analyze the 
measurement to detect presence of any faults in one or more 
components of the Subsea well. In certain embodiments, the 
measurement by the magnetic field sensor 412 may be trans 
mitted wirelessly to the controller via an inductive pick-up, a 
radio frequency link, and the like. Also, the power to the 
magnetic field sensor 412 may be supplied wirelessly from a 
power Supply. 

In the example of FIG. 6, use of the magnetic field sensor 
412.aids in identification of any fault occurring in one or more 
components of the Subsea well. In one embodiment, multiple 
magnetic field sensors 412 may be employed to identify fault 
in one or more components of the Subsea well. As previously 
noted, the fault in one or more components of the subsea well 
may include fault in the casing wall, the cement employed in 
the subsea well, the production tube, the subsea wellhead, the 
tubing hanger, or other Subsea well structures. 

In accordance with further aspects of the present disclo 
Sure, a magnetic stress sensor based technique Such as 
MAPSTM may be employed to identify faults in one or more 
components of the Subsea well. The one or more components 
of the Subsea well may include the casing wall, the production 
tube, and the like. By employing the MAPSTM technique 
material properties such as stress in the casing wall, the pro 
duction tube, and the like, may be measured using an electro 
magnetic probe. The electromagnetic probe may include an 
electromagnetic unit and a magnetic sensor. Further, the elec 
tromagnetic unit may include an electromagnetic core and 
two spaced apart electromagnetic poles. Also, the electro 
magnetic unit may generate an alternating magnetic field in 
the electromagnetic unit and consequently in the casing wall, 
the production tube and other components of the subsea well. 

In addition, a signal Such as the resulting alternating mag 
netic field may be sensed using the magnetic sensor. These 
signals may be influenced by geometrical parameters such as 
lift-off. In one example, the lift-off may include a gap or 
separation between the electromagnetic probe and the Surface 
of the casing wall, the production tube, and the like. Accord 
ingly, these influences may be separated from the signal 
sensed by mapping the in-phase and quadrature components. 
The signals sensed by the magnetic sensor may be resolved 
into in-phase and quadrature components. Hence, the mate 
rial properties and/or the influences due to the geometrical 
parameters may be separately determined Accordingly, the 
material properties of the components of the Subsea well may 
be identified, thereby aiding in enhanced detection of anoma 
lies in the subsea well. 

FIGS. 7-9 are diagrammatical representations of exem 
plary magnetization of a casing wall of the Subsea well for use 
in the system of FIG. 6, according to aspects of the present 
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disclosure. In particular, FIG. 7 is a diagrammatical represen 
tation 501 depicting a magnetization of a casing wall 502 of 
the subsea well in alongitudinal configuration 504. By way of 
example, in the longitudinal configuration 504 lines of mag 
netization may run along a length of the casing wall 502 or 
magnetically encoded regions may be formed along the 
length of the casing wall 502. Furthermore, the magnetization 
in the longitudinal configuration504 may include magnetized 
lines of at least two polarities 508,510. 

In a similar fashion, FIG. 8 depicts a diagrammatical rep 
resentation 506 of magnetization of the casing wall 502 in a 
spiral configuration around the casing wall 502. The magne 
tization in spiral configuration 506 may include magnetized 
lines of at least two polarities 509, 511. Although the 
examples of FIGS. 7 and 8 depict magnetizations in longitu 
dinal and spiral configurations, the magnetization of the cas 
ing wall 502 in other orientations is also contemplated. Also, 
the magnetization of the production tube and other similar 
Subsea well components is also anticipated. 

FIG. 9 is a diagrammatical representation 507 of an 
enlarged view of the magnetization of the casing wall 502 in 
the longitudinal configuration 504 of FIG. 7. As noted here 
inabove, the magnetization in the longitudinal configuration 
504 may include magnetized lines of at least two polarities 
508,510. By way of example, the two polarities may include 
a first polarity 508 and a second polarity 510. The magnetized 
line having the first polarity 508 may include magnetized 
domains 512 having an upward orientation. Also, the magne 
tized line having the second polarity 510 may include mag 
netization domains 514 having a downward orientation. 
Depending on the magnetoresistance of the metal of the cas 
ing wall 502 and the stress experienced by the metal of the 
casing wall 502, the orientation of the magnetization domains 
512, 514 may change. In addition to the change in orientation 
of the magnetization domains 512, 514, the material suscep 
tibility may also change. The change in material Susceptibil 
ity may be sensed using magnetic field sensors/magnetic 
sensors, in one embodiment. Furthermore, the sensing of the 
change in material Susceptibility may aid in identification of 
an anomaly of the Subsea well. 

Turning now to FIGS. 10 and 11, diagrammatical repre 
sentations of an exemplary locking mechanism for coupling a 
sensor, such as the first sensor 106 of FIG. 1 to the subsea well 
of FIGS. 1-6, according to aspects of the present disclosure, 
are depicted. Particularly, the locking mechanism may be 
employed to couple the sensor to a casing wall between 
annulus A and annulus B. 

FIG. 10 depicts a locking mechanism 600 for locking a 
wire-line tool to a casing wall 614. The system of FIG.10 may 
include an annulus A 602, an annulus B 604, and a production 
tube 606. As previously noted, the annulus A 602 may be 
coaxial and exterior to the production tube 606 and the annu 
lus B 604 may be coaxial and exterior to the annulus A 602. 
Furthermore, a wire-line tool may be disposed into the annu 
lus A 602 via a service access. The wire-line tool may include 
a wire-line cable 608 and a sensor 612. Moreover, the sensor 
612 may be coupled to the wire-line cable 608 using a locking 
mechanism 610. In one example, the locking mechanism 610 
may include a servomotor configured to move the sensor 612 
in one or more of a circumferential direction 611, a horizontal 
direction 613, and a vertical direction 615, along the casing 
wall 614. The casing wall 614 may be a cylindrical surface, in 
one example. 

Additionally, FIG. 11 represents a diagrammatical illustra 
tion 616 of a locking mechanism 620 for coupling a sensor 
618, such as the first sensor 106 of FIG. 1, to the casing wall 
614. In the example of FIG. 11 the sensor 618 may be a fixed 
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sensor. Also, the sensor 618 may be fixedly coupled to the 
casing wall 614. The sensor 618 may be coupled via the 
locking mechanism 620 to a mount 622. In one example, the 
mount 622 may be coupled to the production tube 606. In one 
embodiment, the locking mechanism 620 may include a 
spring based mechanism, a hydraulic mechanism, a magnetic 
mechanism, and the like. The spring based mechanism may 
employ a spring. In one non-limiting example, the spring may 
include a bow spring, a coil spring, and the like. Also, the 
hydraulic mechanism may employ a hydraulic jack. 

FIGS. 12-14 are diagrammatical representations of another 
exemplary embodiment of a locking mechanism for coupling 
a sensor, such as the first sensor 106 of FIG. 1, to the subsea 
well, according to aspects of the present disclosure. More 
particularly, FIGS. 12-14 depict a locking mechanism for 
locking a first sensor, Such as a wire-line tool, disposed in an 
annulus A to a casing wall between the annulus A and annulus 
B. 

Referring to FIG. 12, a diagrammatical representation 700 
of a spring based locking mechanism is depicted. The system 
of FIG. 12 may include an annulus A 702, a casing wall 703, 
and a sensor 706. Furthermore, a locking mechanism 708, 
Such as, but not limited to, a spring or a hydraulic jack may be 
employed to lock the sensor 706 to the casing wall 703. 
Reference numeral 707 may be representative of a mount to 
which the locking mechanism 708 may be coupled. A wire 
line cable or a string 710 may be operatively coupled to the 
locking mechanism 708 for coupling the sensor to the casing 
wall 703. 

Furthermore, FIG. 13 is a diagrammatical representation 
712 of a crawler motor based mechanism for coupling the 
sensor to the casing wall 703. In this embodiment, the sensor 
706 may be locked to the casing wall 703 by employing a 
crawler motor 714. The crawler motor 714 may further be 
employed to move the sensor 706 along the length and/or 
circumference of the casing wall 703. Also, in this embodi 
ment, a wire-line cable or a string 711 may be operatively 
coupled to the crawler motor 714 to aid in coupling the sensor 
706 to the casing wall 703. In one example, the crawler motor 
714 may be energized by a power Supply, such as the power 
supply 102 of FIG. 1. 

In addition, FIG. 14 depicts a diagrammatical representa 
tion 716 of a mechanical scissors based mechanism. In the 
embodiment of FIG. 14, the sensor 706 may be locked to the 
casing wall 703 by employing mechanical scissors 718. Fur 
thermore, the mechanical scissors 718 may be employed to 
move the sensor 706 along the length and/or the circumfer 
ence of the casing wall 703. In one example, the mechanical 
scissors 718 may be electrically operated, hydraulically oper 
ated, and the like. A cable 719 may be operatively coupled to 
the mechanical scissors 718 to aid in coupling the sensor 706 
to the casing wall 703. 

Although the embodiments of FIGS. 12-14 depict different 
locking mechanisms for locking the sensor 706 to the casing 
wall 703, where the sensor 706 includes a wire-line tool, use 
of similar locking mechanisms for locking a fixed sensor are 
also contemplated. Also, in the examples of FIGS. 12-14, the 
locking mechanism may be supported on the outer wall of a 
production tube, such as the production tube 208 of FIG. 2. 

Turning now to FIGS. 15-16, diagrammatical representa 
tions of another exemplary embodiment of a portion of the 
exemplary system for subsea well monitoring 100 (see FIG. 
1), according to aspects of the present disclosure, are 
depicted. In particular, FIG. 15 is a diagrammatical represen 
tation of a cross-sectional view 800 of an acoustic based 
sensing system for monitoring a Subsea well is presented. In 
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a presently contemplated configuration, the acoustic based 
sensing system may be disposed in an annulus A of the Subsea 
well. 

In the example of FIG. 15, the subsea well includes an 
annulus A 802, a casing wall 804, a production tube 816, and 
an annulus B818. Moreover, in one embodiment, the acoustic 
based sensing system may include one or more acoustic sen 
sors 806, a locking mechanism 808, and one or more mounts 
810. The acoustic sensors 806 may belocked to a correspond 
ing mount 810 by using the locking mechanisms 808. In one 
example, the acoustic sensor 806 may be a fixed sensor. 

Furthermore, an acoustic signal 812 may be guided 
through the casing wall 804. The acoustic signal 812 may be 
guided through the casing wall 804 in different directions, 
Such as, but not limited to, a horizontal direction and a vertical 
direction, in one example. Hence, the casing wall 804 may be 
configured to behave as a sensor. Due to variation in pressure 
in the annulus A802 and/or the annulus B 818, the casing wall 
804 may experience stress. The variation in pressure in the 
annulus A 802 and/or the annulus B 818 may be due to a fault 
in one or more of the annulus A and the annulus B. In accor 
dance with aspects of the present disclosure, a differential 
quantity, Such as, but not limited to, differential pressure 
between the annulus A 802 and the annulus B 818 may be 
employed to aid in identification of the fault. In addition, the 
stress in the casing wall 804 may cause time of flight of the 
acoustic signal 812 to vary. Accordingly, the variation in the 
time of flight of the acoustic signal 812 may be sensed by the 
acoustic sensors 806. Thus, the stress on the casing wall 804 
may be determined The determined stress may then be ana 
lyzed to detect any faults in one or more components of the 
subsea well. 

Referring to FIG. 16, cross sectional view 814 of subsea 
well that includes the acoustic based sensing system disposed 
in the annulus A is depicted. The sensor 806 may be disposed 
on the casing wall 804. Also, the sensor 806 may be disposed 
on the casing wall 804 using a locking mechanism (not 
shown) and one or more mounts (not shown). As noted here 
inabove, the acoustic signal 812 may be guided through the 
casing wall 804. The stress in the casing wall 804 may cause 
time of flight of the acoustic signal 812 to vary, which may be 
sensed by the acoustic sensor 806. In one non-limiting 
example, the acoustic sensor 806 may be configured to accept 
signals within a certain window of time-of-flights. This aids 
in avoiding any unwanted cross-talks and/or interference 
from any reflected signals. 

Referring now to FIG. 17, a diagrammatical representation 
900 of an exemplary embodiment of a subsea well having a 
sensor disposed on or within an annulus B, according to 
aspects of the present disclosure, is depicted. The subsea well 
900 may include an annulus B901, an annulus A911, a casing 
wall 914, and a production tube 914. A sensor 902 may be 
disposed in the annulus B901. It may be noted that the sensor 
902 may also be referred to as a second sensor. The sensor 902 
may be operatively coupled to a battery 904, where the battery 
904 is configured to energize the sensor 902. The sensor 902 
may be configured to measure parameters such as pressure, 
stress, and temperature in the annulus B901. For ease of 
understanding, the parameters measured in the annulus B 
may be referred to as a second parameter. In one embodiment, 
the second parameter measured in the annulus B901 may be 
representative of a baseline parameter/threshold value of the 
parameter for the annulus B. Also, the parameter may be 
measured in the annulus B901 before sealing of the annulus 
B901. Furthermore, the sensor 902 may be operatively 
coupled to a control unit 906 configured to analyze the second 
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parameter. In one embodiment, the control unit 906 may be 
representative of the controller 110 of FIG. 1. 

In addition, a transmitter unit 908 may be disposed in the 
annulus B901 and may be operatively coupled to the sensor 
902 via the control unit 906. The transmitter unit 908 may be 
configured to transmit the second parameter measured by the 
sensor 902 in annulus B901 to a receiver unit 910. In a 
presently contemplated configuration, the receiver unit 910 is 
disposed in the annulus A911. In one example, the sensor 902 
may use a through-wall coupling, such as, but not limited to, 
acoustic coupling, low-frequency magnetic fields based cou 
pling, a current pulse based coupling for transmitting the 
measured parameter corresponding to the annulus B to the 
receiver unit 910. In another non-limiting example, the trans 
mitter unit 908 and the receiver unit 910 may form a part of a 
communication unit, such as the communication unit 108 of 
FIG. 1. The receiver unit 910 may be configured to transmit 
the measured parameter to a processing unit in a controller, 
such as the controller 110 of FIG.1. The processing unit may 
use the parameter to detect the condition of the annulus B901 
before sealing/cementing or immediately after sealing/ce 
menting. 

Turning now to FIG. 18, a diagrammatical representation 
1000 of exemplary optical fiber based sensing of the subsea 
well, according to aspects of the present disclosure, is pre 
sented. Particularly, FIG. 18 depicts use of an optical fiber in 
the system of FIG.8. The embodiment of FIG. 18 may include 
a casing wall 1002 that is disposed between annulus A and 
annulus B of a subsea well. Furthermore, the casing wall 1002 
may include magnetized lines 1004, 1006. The magnetized 
lines may include a magnetized line having a first polarity 
1004 and a magnetized line having a second polarity 1006. 
The magnetized lines having the first polarity 1004 and the 
magnetized lines having the second polarity 1006 may be 
formed in a spiral configuration about the casing wall 1002. 

Additionally, an optical fiber 1008 may be wound in a 
spiral configuration between the magnetized lines 1004, 
1006, in one example. Also, the optical fiber 1008 may be 
operatively coupled to an optical source and a detector unit 
1010. The optical source and detector unit 1010 may be 
configured to guide light through the optical fiber 1008. 
Moreover, the optical source and detector unit 1010 may be 
configured to detect the light emitted by the optical fiber 
10O8. 
The optical fiber 1008 may be configured to operate based 

on a magneto-optical effect. Accordingly, the optical fiber 
1008 may be sensitive to changes in a magnetic field. Fur 
thermore, the sensitivity of the optical fiber 1008 may be 
increased when the optical fiber 1008 is wound between the 
magnetized lines 1004, 1006. The orientation of the magne 
tization domains in the magnetized lines 1004, 1006 may 
change when the casing wall 1002 is subject to stress. As 
previously noted, the casing wall 1002 may experience a 
variation in stress as a result of variation of pressure in the 
annulus A and the annulus B. Also, the variation of pressure in 
the annulus A and the annulus B may occur due to a fault in 
one or more components of the subsea well. The optical fiber 
1008 may be sensitive to the change in orientation of the 
magnetization domains. Accordingly, the optical properties 
of the optical fiber 1008 may change. Hence, the light guided 
by the optical fiber 1008 may also change, which in turn aids 
in identifying the stress experienced by the casing wall 1002. 

In one embodiment, the optical fiber 1008 may be wound in 
a spiral configuration along the magnetized lines having the 
first polarity 1004 and the magnetized lines having the second 
polarity 1006. In another embodiment, the optical fiber 1008 
may be wound in a spiral configuration on the outer periphery 
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of the magnetized lines 1004, 1006. Although the example of 
FIG. 18 represents a spiral configuration of winding the opti 
cal fiber 1008, other types of winding of the optical fiber 1008 
are also contemplated. Also, although FIG. 18 presents the 
magnetized lines in a spiral configuration, other configura 
tions of the magnetized lines are also contemplated. 

FIG. 19 is a flow chart 1100 depicting a method of moni 
toring a Subsea well, according to aspects of the present 
disclosure. As previously noted, the Subsea well may include 
an annulus A, an annulus B, a casing wall, a production tube, 
and other components. The method begins at step 1102 where 
a first sensor may be disposed on or about one or more of the 
production tube, the annulus A, and the casing wall of a 
Subsea well. The first sensor may be configured to measure a 
first parameter. The first parameter, as used herein, may 
include pressure, hoop stress, residual stress, bending stress, 
torque induced stress, tensional stress, longitudinal stress, 
and equivalents thereof. In one embodiment, the first param 
eter may include a signature that is representative of a varia 
tion in pressure with time in the annulus A. This signature 
may be employed to identify and/or predict a signature that is 
representative of a variation in pressure with time in the 
annulus B. Additionally, the first sensor may be locked on to 
the one or more of the production tube, the annulus A, and the 
casing wall via a locking mechanism. 

Furthermore, at step 1104, the measured first parameter 
may be analyzed using a controller, such as controller 108 of 
FIG. 1. The analysis of the measured first parameter may 
include comparing the measured first parameter with a 
threshold value. In one embodiment, the threshold value may 
include a signature that is representative of a variation in 
pressure with time under a normal operating condition of the 
subsea well or in the absence of any faults in one or more 
components of the Subsea well. In one non-limiting example, 
the threshold value may include stress measured or calculated 
under the normal operating condition of the Subsea well. 
Also, in one example, the threshold value may be stored in the 
controller. It may be noted that the analysis of step 1104 may 
also be applied to a measured parameter corresponding to the 
annulus B before sealing/cementing of the annulus B. 
At step 1106, an anomaly, if any, in one or more compo 

nents of the subsea well may be identified based on analysis of 
the first parameter. In one embodiment, the anomaly in the 
one or more components of the subsea well may be identified 
by employing one or more of an analytical model, a physics 
based model, and a self-learning mechanism for analyzing the 
first parameter. The term anomaly, as used herein, may 
include a fault in one or more components of the Subsea well. 
By way of example, the term anomaly may include faults in 
one or more of the casing wall, the production tube, the 
cement employed in the subsea well, the subsea wellhead, the 
tubing hanger, or other Subsea well structures. 

In one embodiment, on identification of an anomaly in one 
or more components of the Subsea well, an alarm or an indi 
cator may be generated. Also, once the anomaly in the one or 
more components of the Subsea well are identified, a control 
ler may be used to regulate the pressure in the production 
tube, the annulus A, and the like, to circumvent further varia 
tion in pressure in the production tube, the annulus A, and 
other components. In one example, the controller may 
include in-built intelligence to control the pressure/stress in 
the production tube, the annulus A, and/or the casing wall. 
Also, the variation in stress in the one or more components of 
the subsea well may be controlled. By way of example, once 
the anomalies in the one or more components of the Subsea 
well are identified, an operator may be equipped to regulate 
the pressure in the production tube, the annulus A, the casing 
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wall, and the like. Although the examples in FIGS. 1-19 
allude to the identification of variation in pressure in annulus 
A and the annulus B, the identification of variation in pressure 
in other annuli of the subsea well is also contemplated. 

According to aspects of the present disclosure, in one non 
limiting example, the physics based model may be employed 
to identify faults in and/or monitor the condition of one or 
more Subsea well components. Particularly, the physics based 
model may be employed to determine a parameter corre 
sponding to a healthy state of the one or more components of 
the subsea well. The parameter corresponding to the healthy 
state of the subsea well components may be referred to as a 
threshold value. Further, a parameter corresponding to an 
actual condition of the one or more components of the Subsea 
well may be determined The parameter corresponding to the 
actual condition of the Subsea well components may be 
referred to as a first parameter. 

Subsequently, the parameter corresponding to the healthy 
state may be compared to the parameter corresponding to the 
actual condition of the subsea well. If the parameter corre 
sponding to the healthy State is Substantially similar to the 
parameter corresponding to the actual condition, then the one 
or more components of the Subsea well may be considered to 
be in a healthy condition. However, if the parameter corre 
sponding to the actual condition is different from the param 
eter corresponding to the healthy condition of the subsea well, 
it may be determined that one or more components of the 
Subsea well have an associated fault. 

In certain embodiments, the parameter corresponding to 
the healthy state and the parameter corresponding to the 
actual condition of the Subsea well may be a function of a 
plurality of factors, such as, but not limited to, mass of the 
fluid and/or hydrocarbons. In order to identify the factor 
responsible for the faulty condition, at least one of the plural 
ity of factors, may be varied to cause the parameter corre 
sponding to a healthy state to be substantially equal to the 
parameter corresponding to the actual condition of the Subsea 
well. This factor may be identified as the factor responsible 
for the fault in one or more components of the subsea well. 
Once the factor is identified the type of fault in the subsea well 
may be identified based on the identified factor. In one 
example, the fault may be a leak in the one or more compo 
nents of subsea well. 

Moreover, the condition of the annulus A and/or the annu 
lus B may be monitored by employing the physics based 
model. The pressure in the annulus A under design conditions 
may be a function of plurality of factors, such as, but not 
limited to, a current pressure of tubing. Such as the production 
tube (see FIG. 2), a current temperature of the tubing, a 
property of the tubing, a property of the casing wall, a prop 
erty of the subsea well, and/or an amount of fluid/mass of 
fluid in the annulus A. A parameter corresponding to a healthy 
state of the annulus A may be determined based on the physics 
based model. By way of example, the pressure in the annulus 
A in the healthy state or under design conditions may be 
determined using a physics based model employing function 
f. 

P ands, fittubing Tubing froPTubing froPCasing 
Prop Weth Mauia) (1) 

where P, is a current pressure of the tubing, T is a 
current temperature of the tubing, Prop is a property of 
the tubing, Prope is a property of the casing wall. Propur, 
is a property of the Subsea well, Ma is an amount of fluid/ 
mass of fluid in the annulus A, and P. ts, is a pressure 
of the annulus A under design conditions. 
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Subsequently, aparameter corresponding to the actual con 

dition of the annulus A may be determined. By way of 
example, the actual pressure of the annulus A may be deter 
mined and/or measured. 

(2) 

where P is the actual pressure in the annulus A and 
P4 is is a current pressure in the annulus A. 

Moreover, the pressure of the annulus A under design con 
ditions, P., as may be compared with the actual pres 
Sure in the annulus A, PA 7. If P1 tes, and 
P are Substantially similar, it may be determined 
that an appropriate value of the factor Ma, is employed. 
However, if P , , and P , , are different, it may 
be determined that an incorrect value of the factor Ma, is 
considered. In one example, if P , tes, and P4, 
are different, then one or more of the amount of fluid (Mal), 
the type of fluid, property of tubing, property of casing wall, 
pressure and temperature of tubing and casing may be erro 
neous and/or incorrect. 

Accordingly, the value of the factor Ma, may be varied 
until the pressure of the annulus A under design conditions, 
P. , and the actual pressure of the annulus A 
P are substantially similar. Based on the varied 
value of Ma, the fault such as an amount of leakage of fluid 
into or out of annulus A may be determined. Similarly, dif 
ferent factors of the function f may be analyzed individually 
or in combination to determine the type of fault. Accordingly, 
the physics based model may aid in determination of faults in 
the annulus A. In a similar fashion, the condition of annulus B 
may also be monitored employing a physics based model. 
The pressure of the annulus Bunder design conditions may 

also be a function of plurality of factors, such as, but not 
limited to, a current pressure of annulus A, such as the annulus 
A (see FIG. 2), a current temperature of the annulus A, a 
property of the tubing, a property of the casing wall, a prop 
erty of the subsea well, and/or an amount of fluid/mass of 
fluid in the annulus B. A parameter corresponding to a healthy 
state of the annulus B may be determined based on the physics 
based model. By way of example, the pressure of annulus B 
during the healthy state/design conditions may be determined 
using a physics based model employing function f. 

ann actual (aann measured) 

P ann designifi (Aann. Taan.OPTubing FOPCasing 
Prop, eit, Malia. ...) (1) 

where P is the current pressure of annulus A, T, is the 
current temperature of the annulus A. Propa is a property 
of the tubing, Prope is a property of the casing wall, 
Prop is a property of the Subsea well, M is the amount 
of fluid/mass of fluid of annulus B, and P , , is a 
pressure of the annulus B under design conditions. 

Subsequently, aparameter corresponding to the actual con 
dition of the annulus B may be determined by employing a 
function f. 

Bann actual f:(4 ann. TA ann. Fr.OPTibing FOPCasing 
Propio) (2) 

where P , , is an actual pressure of the annulus B, and 
O is stress experienced by casing wall. 

Moreover, the pressure of the annulus B under design con 
ditions, P. , , may be compared with the actual pres 
Sure in the annulus B, Pa. , 7. If P , tes, and 
P. are Substantially similar, it may be determined 
that an appropriate value of the factor Ma, is employed. 
However, if P is, and P. 7 are different, it may 
be determined that an incorrect value of the factor Ma, is 
considered. In one embodiment, the type of fluid, property of 
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tubing, property of casing wall, pressure and temperature of 
tubing and casing may be incorrect. 

Accordingly, the value of the factor Ma, may be varied 
until the pressure of the annulus B under design conditions, 
P. , , and the actual pressure of the annulus B, 
P. are substantially similar. Based on the varied 
value of M, the fault such as an amount of leakage of fluid 
into or out of annulus B may be determined. Similarly, dif 
ferent factors of the function f may be analyzed individually 
or in combination to determine the type of fault. Accordingly, 
the physics based model may aid in determination of faults in 
the annulus B. 

Furthermore, the foregoing examples, demonstrations, and 
process steps such as those that may be performed by the 
system may be implemented by Suitable code on a processor 
based system, such as a general-purpose or special-purpose 
computer. It should also be noted that different implementa 
tions of the present disclosure may perform some or all of the 
steps described herein in different orders or substantially 
concurrently, that is, in parallel. Furthermore, the functions 
may be implemented in a variety of programming languages, 
including but not limited to C++ or Java. Such code may be 
stored or adapted for storage on one or more tangible, 
machine readable media, Such as on data repository chips, 
local or remote hard disks, optical disks (that is, CDs or 
DVDs), memory or other media, which may be accessed by a 
processor-based system to execute the stored code. Note that 
the tangible media may comprise paper or another Suitable 
medium upon which the instructions are printed. For 
instance, the instructions may be electronically captured via 
optical scanning of the paper or other medium, then com 
piled, interpreted or otherwise processed in a suitable manner 
if necessary, and then Stored in the data repository or memory. 
The various embodiments of the systems and methods for 

monitoring the subsea well described hereinabove provided a 
robust method and system for monitoring the Subsea well. 
Furthermore, since the exemplary systems and methods uti 
lize a magnetostrictive technique, the sensing is robust 
against aging, dirt, moisture, changes in the composition of 
the ambient fluid, and the like. Moreover, since magnetostric 
tive properties vary with the mechanical properties of the 
casing wall of the subsea well, lifetime and stability of the 
sensing is also enhanced. Also, the system and method for 
monitoring may be employed to monitor different compo 
nents of a Subsea well Such as the annulus A, the annulus B, 
and the production tube. In addition, since the system for 
monitoring may be deployed in the production tube, easier 
access, handling and testing of the monitoring system during 
and/or after the installation of the subsea well may be pro 
vided. 

While the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. 

The invention claimed is: 
1. A system for monitoring a Subsea well, comprising: 
the Subsea well, comprising: 

a production tube; 
an annulus A co-axial to the production tube and posi 

tioned exterior to the production tube: 
an annulus B co-axial to the annulus A and positioned 

exterior to the annulus A; 
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16 
a casing wall disposed between the annulus A and the 

annulus B; 
a first sensor disposed on or about the production tube, the 

annulus A, the casing wall, or combinations thereof and 
configured to measure a first parameter, wherein the first 
sensor comprises: 
a fixed sensor that is fixed relative to one or more of the 

production tube, the annulus A, the annulus B, and the 
casing wall; and 

a wire-line tool, wherein the wire-line tool is in a closed 
condition and configured to open up for measurement 
when introduced into at least one of the production 
tube and the annulus A: 

a controller operatively coupled to the subsea well and 
configured to: 
analyze the first parameter measured by the first sensor; 
and 

detect an anomaly in one or more components of the 
subsea well based on the analysis of the first param 
eter. 

2. The system of claim 1, wherein the fixed sensor com 
prises a magnetic field sensor, a magnetostrictive sensor, an 
inductive coil, a Villari effect sensor, an acoustic transducer, 
an optical fiber sensor, a temperature sensor, or combinations 
thereof. 

3. The system of claim 1, wherein the wire-line tool com 
prises a sensor operatively coupled to a wire-line cable, and 
wherein the sensor comprises magnetic field sensor, a mag 
netostrictive sensor, an inductive coil, a Villari effect sensor, 
an acoustic transducer, an optical fiber sensor, a temperature 
sensor, or combinations thereof. 

4. The system of claim 1, further comprising a locking 
mechanism configured to operatively couple the first sensor 
to one or more of the production tube, the annulus A, and the 
casing wall. 

5. The system of claim 4, wherein the locking mechanism 
comprises a spring based mechanism, a hydraulic mecha 
nism, a servomotor actuation mechanism, a magnetic mecha 
nism, or combinations thereof. 

6. The system of claim 1, wherein the casing wall com 
prises one or more segments configured to sense the first 
parameter. 

7. The system of claim 6, wherein the one or more segments 
with sensing capability comprise one or more magnetically 
encoded regions. 

8. The system of claim 7, wherein the one or more mag 
netically encoded regions comprise a plurality of magnetized 
lines having at least two polarities formed along a length of 
the casing wall. 

9. The system of claim 7, wherein the one or more mag 
netically encoded regions comprise a plurality of magnetized 
lines having at least two polarities formed in a spiral configu 
ration around the casing wall. 

10. The system of claim 9, further comprising an optical 
fiber disposed in a spiral configurationaround the casing wall, 
wherein the optical fiber is wound in a spiral configuration 
between the plurality of magnetized lines. 

11. The system of claim 1, further comprising a second 
sensor disposed on or about the annulus B and configured to 
measure one or more of a pressure and a temperature on or 
about the annulus B. 

12. The system of claim 1, wherein the first parameter 
comprises a pressure, compression stress, hoop stress, 
residual stress, longitudinal stress, tensional stress, bending 
stress, torque induced stress, or combinations thereof. 
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13. A method for monitoring a subsea well, the method 
comprising: 

disposing a first sensor on or about one or more of a pro 
duction tube, an annulus A, and a casing wall of the 
Subsea well, wherein the annulus A is co-axial to the 
production tube and positioned exterior to the produc 
tion tube, an annulus B is co-axial to the annulus A and 
positioned exterior to the annulus A, and the casing wall 
is disposed between the annulus A and the annulus B, 
wherein the first sensor is configured to measure a first 
parameter, wherein the first sensor comprises a fixed 
sensor that is fixed relative to one or more of the produc 
tion tube, the annulus A, the annulus B, and the casing 
wall and a wire-line tool, and wherein the wire-line tool 
is in a closed condition and configured to open up for 
measurement when introduced into at least one of the 
production tube and the annulus A: 

analyzing the measured first parameter using a controller; 
and 

identifying an anomaly in one or more components of the 
Subsea well based on the analysis of the first parameter. 

14. The method of claim 13, further comprising magnetiz 
ing the casing wall of the subsea well. 

15. The method of claim 14, wherein magnetizing the 
casing wall comprises applying a determined value of an 
electrical current, a determined value of a magnetic field, or a 
combination thereof to the casing wall. 

16. The method of claim 14, wherein magnetizing the 
casing wall comprises magnetizing the casing wall in a spiral 
configuration. 

17. The method of claim 14, wherein magnetizing the 
casing Wall comprises magnetizing the casing wall in a lon 
gitudinal configuration. 

18. The method of claim 13, further comprising locking the 
first sensor to one or more of the production tube, the annulus 
A, and the casing wall, via a locking mechanism. 

19. The method of claim 13, further comprising disposing 
a second sensor on or about the annulus B of the subsea well 
before sealing the annulus B. 

20. The method of claim 19, wherein the second sensor is 
configured to measure one or more of a pressure, a stress, and 
a temperature on or about the annulus B. 

21. The method of claim 13, wherein the anomaly com 
prises a fault in one or more of the casing wall, the production 
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tube, cement employed in the subsea well, a subsea wellhead, 
a tubing hanger, or combinations thereof. 

22. The method of claim 13, wherein identifying the 
anomaly in one or more components of the subsea well based 
on the analysis of the first parameter comprises employing a 
physics based model. 

23. The method of claim 22, wherein the analysis of the 
first parameter employing the physics based model com 
prises: 

determining a parameter corresponding to a healthy state 
of the one or more components of the subsea well: 

identifying a parameter corresponding to an actual condi 
tion of the one or more components of the subsea well; 
and 

comparing the parameter corresponding to the healthy 
state of the one or more components of the subsea well to 
the parameter corresponding to the actual condition of 
the one or more components of the subsea well to iden 
tify the anomaly in the one or more components of the 
Subsea well. 

24. A non-transitory computer readable medium compris 
ing one or more tangible media, wherein the one or more 
tangible media comprise routines for causing a computer to 
perform the steps of: 

measuring a first parameter using a first sensor disposed on 
or about one or more of a production tube, an annulus A. 
and a casing wall of a subsea well, wherein the annulus 
A is co-axial to the production tube and positioned exte 
rior to the production tube, an annulus B is co-axial to 
the annulus A and positioned exterior to the annulus A, 
and the casing wall is disposed between the annulus A 
and the annulus B, wherein the first sensor comprises a 
fixed sensor that is fixed relative to one or more of the 
production tube, the annulus A, the annulus B, and the 
casing wall and a wire-line tool, and wherein the wire 
line tool is in a closed condition and configured to open 
up for measurement when introduced into at least one of 
the production tube and the annulus A: 

analyzing the measured first parameter using a controller; 
and 

identifying an anomaly in one or more components of the 
Subsea well based on the analysis of the first parameter. 


